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A 3 year graduate student at Michigan State University
I Thesis Advisor: Steve Lidia
I Thesis topic: Non-relativistic ion beam diagnostics
A Working at Fermilab for 1 year as part of Accelerator Science
and Engineering Traineeship
I Started: January 8th
I Fermilab mentor: Alexander Shemyakin

A Goals for time at Fermilab
I Familiarize with beam instrumentation
I Gain experience with experimental studies
I Work will be part of thesis

J€ :
3¢ Fermilab
3 C. Richard | Non-Relativistic lon Beam Diagnostics 2/21/2018



Non-Relativistic Beams

A Velocity is energy dependent
I Use to describe region of interest,
(3<~0.1
A Non-flat electromagnetic fields

I No direct match between fields at pipe
walls and longitudinal profile

A Large angles and low rigidity

I Can steer the beam with lower fields
Allows for Allison scanner to be used
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Why Come to Fermilab

A PIP2 A FRIB
I 800 MeV H- linac I 200 MeV/u heavy ion linac
A MEBT A MEBT

T 2.1 MeV/u, 3=0.06, I 0.5 MeV/u, 3=0.03,
[B1]=0.21 T-m [B] ]=0.11*A/g T-m

ECR lon Sources

Room Temp RFQA
B=0.041 Quarter Wave Resonators

B=0.085 Quarter Wave Resonators

Target Beam Delivery System

B=0.53 Half Wave Resonators

NJransportLine

o

B=0.29 Half Wave Resonators

PIP-2 Linac =
con Cryogenic Distribution Line
— ;= e
1 Construct ENERGY o
i —_— Charge Stripper
san, o
roposed RCS s
7 == Linac alternative to RCS k-
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PIPII Injector Test (PIP2IT)

A Test of PIP2 front end
I 30 keV H- source
I 162.5 MHz RFQ
I MEBT: 2.1 MeV, 0.2 mm-mrad
I 5 mA nominal current

30keV 2.1 MeV 10 MeV 25 MeV
LEBTY¥ RFQ Tk MEBT - HWR ’5 SSRl i HEBT

—————
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PIP2IT Diagnostics

A Position A Emittance
I Beam position monitors I Allison Scanner (AS)
(BPM) A Current
A Profile i Ring Pick ups (RPU)
I Resistive wall current i Beam dump
monitor (RWCM) i Scrapers
I Fast faraday cup (FFC) i Toroids
scraper scraper RWCM FFCAS Dump
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Transverse Talls

A Measured vertical phase space shows deviations even with

scraped beams

A These deviations increase the beam size

I Increased losses
I Damage to SRF cavities
A Want to remove tails
I First need a definition of
beam tail
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Measuring Transverse Talils

A Measure tails using beam lifetime
(LEP)
I Measure lifetime as a function
collimator insertion

I Cannot take this measurement in
PIP2IT

|. Reichelet al., Proc PAC9, 18191821

A Double Gaussian Fit (LHC)

I For symmetric beam profile,
compare double gaussian fit to
single gaussian fit

I In PIP2IT, difficultly fitting
gaussians to scraped beam

L.Drosdalet al. Proc. IPAC13®. 957959
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Measuring Beam Profile in PIP2IT

Entrance slit Exit slit

A Method 1: insert a scraper and g
measuring current at dump BEAM\_.:
i Accurate to a few percent YV NSO A it

Faraday

L ring
. . Parameter Unit Value
A MethOd 2. Alllson Scanner a.t Motion and positioning
Vertical range of measurement positions with respect to mm +15
end Of M EBT the beam line axis
Absolute accuracy of vertical position of the sensor mm <1
.. . . Reproducibility of vertical position mm £0.1
I Ve rtl Cal p rOfI Ie m eaS u red by Resolution of vertical position mm <£0.025
Sensor horizontal alignment with respect to beam line axis | mm <1
. . 141 Sensor yaw alighment with respect to beam line axis mR 10
Varylng entran Ce Sllp pOSItlon MAES module pitch adjustment range mR +35
MAES module pitch adjustment resolution mR 1
T MAES module pitch angle stability thru measurement mR 0.2
i Voltage between plates bends |¥
. Scanner dimensions
the beam SI ICe Scanner slit-to-slit distance mm 320
HV deflector plate length mm 300
. . . Minimum HV deflector plate width mm > 40
I I nte nS Ity Of partl Cles th a.t are Gap between teeth on HV plates mm 5.5 +0.2*
. . . Angle of the teeth surface on HV plates degree >2
bent to the exit slit is measured |rethden mm
Front slit gap mm 0.2
1 Rear slit gap mm 0.2
Wlth farad a'y C u p Front slit/Rear slit/HV plates axial alighment mm <0.2
.. Electric
I | HV amplitude on each plate kv -lto+1
I Conve rt VO tage to ang e Time Slice Resolution ns 1
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Allison Scanner Phase Portraits

A Scan slit position and voltage and measure intensity of each
point

A Convert voltage to angle

A Generate y-y 0

Startup | Scan Setup ! Seannifig | Analysis |

Unscrapedeam

phase

Qum

portrait

of

Scraped Beam

t

tartup | Scan Setup | Scanning  Analysis QuIT
Sliced 4 Binn CalcConsts| fice2 4 o3 CalcCansts]
10+ gl Limmi| 300 10~ PR Limm)| {300
i) | G petmmy| (587
gotwmi] f551 gotmm)| [5.51
tew) o U] 21m
bthrashnld_cut W bthreshuld_tut 0,01
=l cim| [oereaes = clmfs)| 209792458
2 £ ol [remmEn % £ ol [rmmern
. mion@muw| [To0seEa B mlonfamul| 110084 +0
| o 2
mul Jreeosaer mu| | L66054E-27
T al 2
=-0.01 chf i[l— =_0.02 cbf 1]
| Madiolts| 000 Matvalis| (1000
64 @ 60 9 95 14 12 q | Emittance] Aiphal 44 42 0 d8 d5 4 G2 o | Emincl Alpha|
bostin F RERTE -113.5m Bt 1.032 144.4m
W B ["(ra] | Position Centroid]  sigma s (mm]] Mormalized €] Betal |pn;itinn & |1w[ris] | Position Centraid|  sigma s fmmi| Mormalized €| Eetal
40.12 2,958 213m 2.764 5 dJ U d
iAngIe Eﬁiﬂl Angle Centroid sigma_x' [mrad] Image Integral M I;&ng\e—ﬂﬂﬂl ;::g:: Centraid 5|1g6r:: # [mrad, I:ingzr;ntegra\ &
Jampltude | &1 Q€28 (572 121.66m 30,57 365.8m Jampiuge | B #2[z8 ] (5241 -99.872m 16.06 383.3m
Created File| % Z\PXIE InstrurnentationEmittance Scanner Datah 20180 11T \MEBTAllisonScan-2018-01-17_14-27.csv reated File| % ZAPXIE InstrumentationiEmittance Scanner Data\20180117\MEBTAIlisonScan-2018-01-17_09-10.cs5v
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Cleaning Phase Portraits
1% Cuts = 1.001 mmmrad

A Current method:
i Subtract mean noise / A

I Set to zero all points below 1% of

Angle, mrad
Pea i
,r'
8 i
. LenRe
| H

maximum intensity : NG
I Calculate RMS Twiss parameters :
A Issue: 1% is arbitrary choice o e
i1 f cut 1 snodot | arg : 0 |

effect data

I If cut is too large, will lose
Information about tails

Angle, mrad

A
\
)

%

Beam with scraping, AS: _—
201801-17 14:27 3% Cutt = 0.955 mmmrad
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Improvement to Phase Portrait Cleaning

A Possible method:
I Subtract mean noise
i Set to zero all points below N, ..U, i
i Remove all points outside of N, .*U, .
I Remove all points with no non-zero neighbors

A Calculate N, ... to remove most of noise pixels
Nnoise= 1,Nims= 9 Nnoise= 4:Nims= 9

noise — "Nrms T
bpus1.113 mmmrad Hrug1.061 mmmrad

K%“é

Angle, mrad

Beam with scraping,
% 5 5 »  AS: 20181-17 14:27
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Action

A Challenging to analyze tails from phase
portraits

I No clear distinction between core and
tail
I Tails may propagate differently than core
A Possible alternative: Action, angle
.

U,3,0 twiss parameters; “I Random Gaussian
x,x6 particle positi-w Destipugion Expnppley
I Action of a particle is constant under
linear optics
I For gaussian beam, number of particles
with given action is linear in semilog |
S p aC e 0 05 1 ‘I.Er'e\ctior1 2 25 3 ) 10_3;.5

102 |

J€ :
3¢ Fermilab
15 C. Richard | Non-Relativistic lon Beam Diagnostics 2/21/2018



